Abstract: Background. Social risk factors for hypoglycemia are not well understood. Methods. Cross-sectional analysis from the DISTANCE study, a multi-language, ethnicallystratified random sample of adults in the Kaiser Permanente Northern California diabetes registry, conducted in 2005-2006 (response rate 62%). Exposures were income and educational attainment; outcome was patient report of severe hypoglycemia. To test the association, we used multivariable logistic regression to adjust for demographic and clinical factors. Results. 14,357 patients were included. Reports of severe hypoglycemia were common (11%), and higher in low-income vs. high-income (16% vs. 8.8) and low-education vs. high-education (11.9% vs. 8.9%) groups. In multivariable analysis, incomes of less than $15,000 (OR 1.51 95%CI 1.19-1.91), $15,000-$24,999 (OR 1.57 95%CI 1.27-1.94), and high school or less education (OR 1.42, 95% CI 1.24-1.63) were associated with increased hypoglycemia, similar to insulin use (OR 1.44 95%CI 1.19-1.74). Conclusions. Low income and educational attainment are important risk factors for hypoglycemia.
is a key part of care for diabetes patients, and is a target of quality measures. Although glycemic control can improve long-term outcomes and avert some complications of diabetes, 2, 3 intensive treatment can increase the risk of hypoglycemia, 4 a dangerous complication most common in patients with the lowest and highest hemoglobin A1c (HbA1c) levels. 5 Hypoglycemia is associated with loss of consciousness and hospitalization, 6 as well as dementia. 7, 8 Further, as indicated by the ACCORD Trial, 9 those who develop hypoglycemia may be at high risk of other adverse events. Recognizing these factors, the American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) recently announced joint guidelines on glycemic control 10 calling for careful individualization of HbA1c targets for patients. Appropriate individualization requires careful understanding of both the possible benefits and likely harms for each patient. Special guidelines have been developed for older diabetes patients, 11 given their particularly high risk of adverse events. Other factors, such as depression 12 and chronic kidney disease (CKD), 13 are known to increase risk for hypoglycemia, and appropriate clinical care for diabetes patients with these conditions includes consideration of the tradeoffs between expected benefits and harms. 14, 15 In contrast to these clinical and demographic factors, whether hypoglycemia is associated with socioeconomic status (SES), as indicated by income or education, is less studied.
As part of the Diabetes Study of Northern California (DISTANCE), we sought to determine if hypoglycemia is more common in those with low SES. Drawing from conceptual models of diabetes care 15 and health services utilization 16 which posit socioeconomic resources as factors that enable safe and effective diabetes management, we hypothesized that lower levels of these resources, as indicated by low income and education, would be associated with increased hypoglycemia.
Methods
Study setting and participants. DISTANCE was conducted among patients in the Kaiser Permanente Northern California (KPNC) diabetes registry (survey instrument available at http:// distancesurvey .org). 17 We enrolled an ethnically stratified random sample of adult patients aged 30-75. Their survey responses were then linked to comprehensive clinical (including laboratory and prescription) and health service utilization data in the KPNC database. The survey was conducted in English, Spanish, Mandarin, Cantonese, and Tagalog and completed by 20,188 patients (response rate 62%). Further details of the survey rationale, design, and sampling procedure have been previously published. 17, 18 This study was approved by the institutional review boards at the Kaiser Foundation Research Institute and University of California, San Francisco. Data collection took place from May 2005 until December 2006.
Measures. Our outcome of interest was a self-report of one or more episodes of severe hypoglycemia in the 12 months prior to the survey response. Specifically, the measure identified severe hypoglycemia as a "low blood sugar reaction such as passing out or needing help to treat the reaction. " This item was derived from the previously validated Diabetes Care Profile 19 and is similar to hypoglycemia reporting items used in landmark diabetes trials such as UKPDS 20 and ACCORD, 21 and corresponds to the language recommended by the joint consensus report of the ADA and Endocrine Society in order to diagnose severe hypoglycemia. 22 In addition, we have previously reported that a positive response to this item is associated with an odds ratio of 19.0 for hypoglycemia hospitalizations over the preceding year and that the overall occurrence of severe hypoglycemia in this cohort is 11%. 18 In order to consider distinct components of socioeconomic status, and consistent with current recommendations, 23 we used two separate markers for SES, each of which served as our exposure of interest in separate models. The first was self-reported annual household income (less than $15,000; $15,000-24,999; $25,000-34,999; $35,000-64,999; $65,000 or more), conditioned on assets and household size (presence or absence of more than $10,000 in assets; total number of people in household). Secondly, we used educational attainment, categorized as high school diploma or less, some college, or college graduate or higher.
Analysis. We performed unadjusted analyses to determine the prevalence of severe hypoglycemia stratified by income category. We then specified multivariable logistic regression models to control for potential confounders, one using income as the independent variable, and one using educational attainment. In both models, we controlled for the demographic variables of age and gender. Self-reported race/ ethnicity can indicate culture history and differential exposure to social disadvantage, and primary language is one indicator of immigration and acculturation. Because we felt these were important factors to consider in understanding health service delivery and health outcomes, 16 we included these potential confounders of the SES and hypoglycemia relationship in our adjusted analyses. We also controlled for a number of clinical factors that may be associated with hypoglycemia, including HbA1c, renal function, duration of diabetes, medication use (metformin only, secretagogue only, mixed oral medications, or insulin alone or in combination with other medications), self-monitoring of blood glucose (SMBG), presence of dementia, and history of cerebrovascular accident (CVA). After fitting our primary model, we fit two additional models in order to explore ways in which low income and hypoglycemia may be associated. Due to an inability to evaluate temporal ordering, this analysis was only exploratory, but we did consider two factors that could serve as potential mediators within our conceptual model of the relationship between SES and hypoglycemia. Given prior work 18 that demonstrated a relationship between low income, low health literacy, and hypoglycemia, we included health literacy, as indicated by report of lack of confidence in filling out forms. Because low income can impair resources available for medications, we also included self-reported difficulty in filling prescriptions due to cost.
Models accounted for the ethnically stratified random sampling design with expansion weights. We controlled for survey non-response using the Horvitz-Thompson approach. 24 We also accounted for item non-response with multiple imputation, performed using the PROC MI procedure in SAS with Markov Chain Monte Carlo simulation, to avoid introducing bias caused by non-random item non-response. 25 Descriptive and regression analyses were conducted using STATA version 10 (College Station, TX), and multiple imputation was completed in SAS version 9.2 (Cary, NC).
Results
We received 20,188 survey responses (response rate 62%). From these, we excluded 3,438 patients who were not under pharmacological treatment for type 2 diabetes and another 2,393 who completed only a short version of the survey lacking relevant information about our outcome of interest. The remaining 14,357 patients were included in our analysis. The mean age of our sample was 58 years (SD 10 years), and was 49% female. The sample was 23% Asian, 22% White (non-Latino), 18% Latino, 17% African American, and 20% mixed/ other. The mean HbA1c was 7.6% (SD 1.6). Seventeen percent of respondents had household income below $25,000 annually, and 33% had income of more than $65,000. Forty-three percent of respondents reported high school diploma or less education, while 31% were college graduate or higher. Full demographics are presented in Table 1 .
In unadjusted analyses, lower annual income was associated with greater frequency of hypoglycemia, with 16.2% reporting hypoglycemia among those with incomes less than $15,000, 16.0% with incomes of $15-24,999; 10.4% with incomes of $25-34,999; 10.8% with incomes of $35-64,999, compared with only 8.8% of those with incomes greater than or equal to $65,000 (Cochran-Armitage test for trend, p < .001). Similarly, lower levels of educational attainment were also associated with an increased frequency of hypoglycemia: 11.9% of those with high school diploma or less education reported hypoglycemia, compared to 8.9% of those with a college degree or higher (p < .001). Hypoglycemia remained significantly associated with income and educational attainment in adjusted models (see Table 2 ).
To put in perspective the risk of hypoglycemia associated with having the lowest (relative to the highest) income (OR 1.51 95%CI 1.19-1.91) and educational attainment (OR 1.42, 95% CI 1.24-1.63), we calculated the increased hypoglycemia prevalence faced by those with two known clinical risk factors. For those using insulin, compared to metformin only, the OR was 1.44 (95%CI 1.19-1.74), and for those with an estimated glomerular filtration rate (eGFR) 30-60ml/ min, which corresponds to CKD Stage 3 or 4, compared with eGFR > 60 ml/ min, the OR was 1.12 (95%CI 0.98-1.28).
In exploratory analyses, models that included both health literacy and difficulty in filling prescriptions due to cost, in addition to the above covariates, still demonstrated a significant and independent association between hypoglycemia and income (less than $15,000 OR 1.36 95% CI 1.07-1.72; $15-24,999 OR 1.45 95% CI 1.17-1.79; $25-34,999 OR 1.25 95%1.03-1.51 CI; compared with income more than or equal to $65,000) and between hypoglycemia and education (high school diploma or less OR 1.29 95% CI 1.12-1.49; compared with college degree or higher).
Discussion
Diabetes patients, even those in the highest income and education groups, commonly reported the occurrence of severe hypoglycemia events. These events represent a considerable safety risk and have an important impact on patient quality of life. 26 Both low income and low educational attainment are significantly associated with increased prevalence of hypoglycemia events, even after adjusting for the demographic and clinical factors that clinicians typically weigh when prescribing diabetes treatment. 10 Guidelines recommend that clinicians carefully consider the increased risk for hypoglycemia in a patient initiating insulin therapy or in a patient with poor kidney function. 13, 27 Since the strength of association we observed is similar to that of commonly considered clinical risk factors for hypoglycemia such as insulin use, it seems reasonable for clinicians to consider social risk factors as well. We observed an association between income and hypoglycemia among groups well above the federal poverty level ($20,000 for a family of four in 2006 28 ). While we present our findings in categories for ease of interpretation, our data suggest the association between hypoglycemia and income may be linear across a range of incomes, and that it is not only the most disadvantaged who may be at increased risk.
In order to understand how low SES may be related to increased hypoglycemia, we began with a conceptual model that drew from descriptions of both clinical diabetes care 15 and health services utilization in vulnerable populations. 16 We viewed educational attainment and income as indicators of resources that enabled safe and successful diabetes management, and hypothesized that groups with lower levels of these SES indicators would experience and thus report more hypoglycemia, a negative health outcome of diabetes care. Social structural issues, such as immigration and acculturation are deeply interrelated with education and income. Unfortunately, we were not able to disentangle, or even describe in detail, the complicated interactions between these important factors in this cross-sectional analysis, although our regression analyses do adjust for language, one important indicator of acculturation, along with self-reported race/ ethnicity. Similarly, we were also unable to test causal pathways between SES and hypoglycemia because we could not evaluate temporal ordering. However, previous work suggests several possible mediators, some of which we were able to examine in an exploratory way in this study. Prior work in this dataset revealed a significant association between low health literacy and hypoglycemia, 18 and our data did show a modestly diminished association between SES and hypoglycemia when health literacy is included in our regression analysis. The relationship between lower educational attainment, lower health literacy, and hypoglycemia is consistent with our conceptual model, where health literacy serves as an enabling factor for safe diabetes management. The same can be said for medication underuse resulting from difficulty filling prescriptions due to cost. Poor glycemic control due to medication underuse could lead to increased medication doses, which may then prompt hypoglycemia during intermittent use. Finally, one variable unavailable to us in this study is food insecurity. Since food insecurity is known to be associated with both low SES and hypoglycemia, 29, 30 it may be an important avenue for future work, especially as a significant association between SES and hypoglycemia remained unexplained by the inclusion of health literacy and difficulty filling prescriptions. In addition, factors that are more common in low SES patients, such as more severe diabetes, 5,31 decreased social support, [32] [33] [34] [35] and higher rates of depression 12,36 may explain some of the association between lower income/ educational attainment and hypoglycemia. The latter two may be particularly important for explaining increased hypoglycemia at relatively higher income levels, where material deprivation or costrelated medication underuse may be less common.
Our results are consistent with and expand upon those of prior studies. The ACCORD study 21 suggested an increased of hypoglycemia in those with low educational attainment, but this was in a highly selected, clinical trial group. Demonstration of this association in a real-world cohort provides clinicians useful information. Prior population studies have also suggested increased risk of hypoglycemia with lower socioeconomic status (SES), [37] [38] [39] but these studies had several limitations. Chiefly, they relied on indicators of health services utilization for hypoglycemia, such as emergency department visits. Because episodes of hypoglycemia may not come to medical attention, this approach may under-ascertain events. Furthermore, many of these studies lack the ability to adjust for relevant confounders, especially clinical variables and were conducted outside the United States, in settings with health care delivery systems that differ markedly from the American model. Finally, several of these studies were conducted prior to the current intensive, "treat-to-target" strategy of glycemic control.
We assessed severe hypoglycemic events using an instrument similar to that used in the UKPDS and ACCORD studies. The UKPDS reported an annual occurrence of severe hypoglycemia of 0.6%, 20 and ACCORD 21 reported 5.05 events per 100 person-years at risk in the intensive treatment arm and 1.51 events per 100 person-years at risk in the standard arm. We observed an even higher occurrence of self-reported severe hypoglycemia, 9% in the highest income group, and 16% in the lowest. Because hypoglycemia was assessed similarly in all three studies, we suspect that the higher rates of hypoglycemia in the DISTANCE Study cohort reflect the true risk in an ethnically diverse, real-world diabetes cohort, relative to more selective trial cohorts. Population-based studies in Finnish 40 and German 41 diabetes patients reported similarly high population rates of hypoglycemia. Glycemic targets based on data from highly selected populations with low rates of hypoglycemia may overestimate net clinical benefit for real-world patients.
Strengths of this study include its large, ethnically diverse sample taken from an integrated health care delivery system with excellent record keeping and mechanisms for chronic disease management. To our knowledge, the DISTANCE study includes the largest sample of self-reported hypoglycemia in a U.S. diabetes cohort. The survey instrument was administered in five languages, increasing generalizability. Our validated self-report measure of hypoglycemia allowed for increased sensitivity compared with prior studies that used only health-service utilization data, while retaining confidence that reported events are actual episodes of hypoglycemia.
This study has several limitations. Because of its cross-sectional design, conclusions about causality cannot be drawn, and thus our understanding of mechanism remains limited. Although we did link our self-report hypoglycemia measure to clinical data, showing an OR of 19.0 for emergency department visits or hospitalization for hypoglycemia over the preceding year among those reporting hypoglycemia compared to those who do not, 18 we did not require documentation of blood glucose level at time of symptoms, which could result in some symptoms that were not caused by hypoglycemia being reported as such. Complete surveys or response to certain items are often missing in survey research, and they were in this case. Though our response rate was 62%, when posterior exclusions, such as eligibility, are considered, less than 50% of the original survey sample was included in this analysis. However our Horvitz-Thompson weighting and multiple imputation approach allowed us to control for bias introduced by survey and item non-response. Compared with a complete case analysis, multiple imputation is the preferred approach for dealing with item non-response in a large survey dataset. 25 Next, the patients in DISTANCE were enrolled in an integrated health care delivery system. Current national estimates suggest that over 90% of the patients with diabetes in the U.S. population have some form of insurance. 42 Thus our findings should be widely generalizable to insured patients with diabetes. Moreover, this study population is broadly representative of the population of northern California. 43 However, this health care setting is different from many safety net systems in which low-SES and culturally diverse patients receive care. Thus our findings may not apply to the most vulnerable population of uninsured patients with diabetes. Finally, this was an observational study, with no intervention, and thus we do not know if this observed socioeconomic gradient in hypoglycemia is modifiable.
Regardless of whether socioeconomic status has a causal relationship with hypoglycemia, however, understanding how it is associated with hypoglycemic risk is a critical component of safely managing hyperglycemia in vulnerable diabetes patients. Further work is needed to inform management strategies. In particular, there is a need for testing multifaceted approaches to hypoglycemia reduction that are sensitive to issues faced by vulnerable patients. Such interventions might include provider education about increased hypoglycemia risk and guidance for selecting medications less likely to cause hypoglycemia. In addition, they could include patient education material appropriate for those with low literacy, nutritional supplementation to address food insecurity, and pharmacy benefit redesign to address cost-related medication underuse. While what we propose is more extensive, diabetes management programs specifically targeted to vulnerable patients have already shown some benefits. 44 In the interim, we suggest that clinicians continue to build on what is already known about hypoglycemia risk. Clinicians should be aware of the known risks and barriers that come with low health literacy and food insecurity, and incorporate this knowledge into their patient counseling. Ensuring that patients with low health literacy have an adequate understanding of their medication regimen is another vital step.
Given the potential for increased hypoglycemia among vulnerable diabetes patients, we suggest clinicians consider social risk factors in addition to clinical risk factors when intensifying glycemic-lowering therapies. Explicit attention to this issue will help ensure that the benefits of glycemic control accrue safely to all patients.
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